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(54) Apparatus for processing Instructions of different instruction set architectures

(57) An information processing system 1 of the

present invention includes an information processing
terminal 2, an external storage device 3, and a data
communication bus 4. The information processing ter-

minal 2 has an I/O control circuit 20, a RISC-type CPU
21 ,

and a code morphing module 22. A code conversion
selection sub-module 22a of the code morphing module
22 selects either one of code conversion sub-modules
22b and 22c, based on predetermined information

stored in a configuration ROM 30b, which is set in a data

memory area 30 of the external storage device 3. The
code conversion selection sub-module 22a also switch-

es overthe setting used for operations of the information

processing terminal 2 to an operating system corre-

sponding to the predetermined information.

This arrangement automatically switches over set-

ting used for operations of the information processing
terminal 2 to an operating system corresponding to an
information of an application program stored in the ex-

ternal storage device 3.
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Description

BACKGROUND OF THE INVENTION

1 . Field of the Invention

[0001] The present invention relates to a technique of

converting program codes constructed by a different in-

struction set from an instruction set for a processor into

codes executable by the processor.

2. Description of the Related Art

[0002] There is known code morphing software

(CMS) that converts information codes constructed by

an instruction set by one processor into information

codes interpretable by another processor. In an infor-

mation processing terminal with the CMS mounted ther-

eon, a built-in processor can execute application pro-

grams designed for another processor.

[0003] The processor automatically carries out the

code conversion and stores the converted codes into a

main memory. In the case of re-execution of the same
code information, the converted codes stored in the

main memory are reused. This reduces the overhead

(deterioration of the performance), due to the code con-

version. The CMS is written in, for example, in a flash

memory at the time of shipment of the processor, and is

present in the main memory during its execution. The

computer users and software developers are according-

ly not aware of the presence of the CMS and can not

directly operate the CMS, although there is means for

updating the CMS. When significant bugs are found in

the CMS, the CMS is updated to eliminate the problems

without replacing the processor. MultipleCMS programs

corresponding to multiple instruction sets may be

mounted on the information processing terminal to be

compatible with diverse processors.

[0004] Magnetic disk storage media called HDD (hard

disk drive) have been advanced to the high speed and

the high density and are mainly used as an external stor-

age device of information processing terminals, such as

PCs (personal computers). The initial design of the con-

troller of the HDD focuses on machine control and logic

circuit control for storing information in sectors on a

magnetic disk. With remarkable advance in semicon-

ductors, even low-cost CPUs (central processing units)

for the machine control have acquired the higher

throughput than the throughput of previous PCs. This

leads to development of intelligent HDDs. The intelligent

HDD is, for example, connected with an information

processing terminal, such as a PC or a PDA (personal

digital assistance), via an interface in conformity with

IEEE1394 standard to allow high-speed data transfer.

The intelligent HDD has both a CPU for controlling this

interface and a CPU for application programs. The CPU
for application programs may be used for reproduction

of music data, control of a liquid crystal display, and con-

trol of user interfaces in the intelligent HDD. For exam-

ple, when an application program for reproduction of

music is stored in this intelligent HDD, the information

processing terminal connected with the intelligent HDD
5 can execute the application program read from the in-

telligent HDD.
[0005] Here the application program is, for examples,

a program for editing documents, a program for brows-

ing images, or a program for reproducing music, which

io is used according to the user's requirements.

[0006] The application program stored in the conven-

tional HDD is constructed by an instruction set corre-

sponding to a specific processor. The application pro-

gram may thus be executable, for example, by an infor-

15 mation processing terminal with a processor A mounted

thereon, but not be executable by an information

processing terminal with a processor B mounted there-

on. In this case, different operating systems are activat-

ed on the information processing terminal with the proc-

20 essor A and on the information processing terminal with

the processor B. The application program works only on

a specific operating system and is thus not executable

on any other operating systems.

[0007] One measure against such problems provides

25 and stores application programs corresponding to a di-

versity of operating systems in the HDD. This method,

however, takes much trouble of the developer of the ap-

plication programs and wastes the memory area of the

HDD. This leads to the increased cost.

30 [0008] In the prior art intelligent HDD, the application

program recorded in the data memory area is to be fixed

for a specific processor. The operations of the intelligent

HDD, which is disconnected from an external device,

such as a PC, and is set in the independent state, are

35 under control of the built-in processor. For example, it

is assumed that a certain application program is down-

loaded from the external device into the HDD. In this

case, the downloaded application program should be

executable by the processor of the HDD for desired op-

40 erations. If the application program is activated on a spe-

cific operating system, the specific operating system is

to be mounted on the application program.

SUMMARY OF THE INVENTION
45

[0009] The object of the present invention is thus to

provide a technique of enabling a program constructed

by a specified instruction set which is different from an

instruction set of a processor, to be executed by the

so processor.

[0010] In order to attain at least part of the above and

the other related objects, the present invention is direct-

ed to a first information processing system including an

information processing terminal and an external storage

55 device, which is connected with the information

processing terminal in a data communicable manner.

The information processing terminal includes: a proces-

sor; multiple code conversion modules that respectively

2
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correspond to multiple instruction sets, which are differ-

ent from each other and are also different from an in-

struction set of the processor, each of the multiple code
conversion modules converting codes constructed by
the corresponding instruction set into codes executable 5

by the processor; and a code conversion selection mod-
ule that selects one code conversion module corre-

sponding to an instruction set, which is specified by pre-

determined information stored in the external storage

device, among the multiple code conversion modules. 10

The selected code conversion module converts codes
of a program, which is constructed by the instruction set

specified by the predetermined information, into codes
executable by the processor.

[0011] Another application of the present invention is 15

a first information processing terminal that is communi-
cated with an external storage device in a data commu-
nication manner. The first information processing termi-

nal includes: a processor; multiple code conversion

modules that respectively correspond to multiple in- 20

struction sets, which are different from each other and
are also different from an instruction set of the proces-

sor, each of the multiple code conversion modules con-
verting codes constructed by the corresponding instruc-

tion set into codes executable by the processor; and a 25

code conversion selection module that selects one code
conversion module corresponding to an instruction set,

which is specified by predetermined information stored

in the external storage device, among the multiple code
conversion modules. The selected code conversion 30

module converts codes of a program, which is construct-

ed by the instruction set specified by the predetermined
information, into codes executable by the processor.

[0012] In the first information processing system or

the corresponding first information processing terminal 35

of the present invention, the code conversion module
corresponding to the instruction set, which is specified

by the predetermined information stored in the external

storage device, is selected among the multiple code
conversion modules. The selected code conversion 40

module is then activated to convert codes of a program
constructed by the instruction set, which is specified by
the predetermined information, into codes executable
by the processor.

[0013] This arrangement enables a program con- 45

structed by an instruction set, which is different from the

instruction set of the processor, to be executed by the

processor, as long as the instruction set is specified by
the predetermined information stored in the external

storage device. so

[0014] Still another application of the present inven-

tion is a first storage device having a data memory area.

The first storage device includes: a processor; multiple

code conversion modules that respectively correspond
to multiple instruction sets, which are different from each 55

other and are also different from an instruction set of the

processor, each of the multiple code conversion mod-
ules converting codes constructed by the corresponding

instruction set into codes executable by the processor;

and a code conversion selection module that selects

one code conversion module corresponding to an in-

struction set, which is specified by predetermined infor-

mation stored in the data memory area, among the mul-
tiple code conversion modules. The selected code con-

version module converts codes of a program, which is

constructed by the instruction set specified by the pre-

determined information, into codes executable by the
processor.

[0015] In the first storage device of the present inven-

tion, the code conversion module corresponding to the

instruction set, which is specified by the predetermined
information stored in the data memory area, is selected

among the multiple code conversion modules. The se-
lected code conversion module is then activated to con-
vert codes of a program constructed by the Instruction

set, which is specified by the predetermined information,

into codes executable by the processor.

[0016] This arrangement enables a program con-
structed by an instruction set, which is different from the
instruction set of the processor, to be executed by the
processor, as long as the instruction set is specified by
the predetermined information stored in the data mem-
ory area.

[0017] The present invention is also directed to a sec-
ond information processing system including an infor-

mation processing terminal and an external storage de-
vice, which is connected with the information processing

terminal in a mutually data communicable manner via a
predetermined interface. The information processing
terminal includes: multiple operating systems (OS) that

respectively correspond to multiple instruction sets,

which are different from each other and different from
an instruction set of a processor included in the infor-

mation processing terminal; and a code morphing mod-
ule that converts codes constructed by each of the mul-
tiple instruction sets into codes executable by the proc-

essor of the information processing terminal. The code
morphing module has OS switchover means, which au-

tomatically switches oversettingto an operating system
that corresponds to predetermined information read
from the external storage device and is selected among
the multiple operating systems. The code morphing
module converts codes of the operating system select-

ed by the OS switchover means into codes executable

by the processor of the information processing terminal.

[0018] In the second information processing system
of the present invention, the OS switchover means in-

cluded in the code morphing module automatically

switches over setting to the operating system corre-

sponding to the predetermined information road from
the external storage device. The code morphing module
then converts the codes of the operating system select-

ed by the OS switchover means into codes executable

by the processor of the information processing terminal.

For example, the OS switchover means switches over
the setting to an operating based on code information

3
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of an application program stored in the external storage

device so that the operating system corresponding to

the code information is used for operations of the infor-

mation processing terminal. This arrangement enables

the application program stored in the external storage 5

device to be executed on the information processing ter-

minal, regardless of the instruction set used for produc-

ing the codes of the application program.

[0019] Here the external storage device is connecta-

ble with an information processing terminal and may be

a hard disk drive, a CD-Rom drive, a DVD-ROM(RAM)
drive, or an MO drive.

[0020] Another application of the present invention is

a second storage device, which includes: a data mem-
ory area that stores preset data therein; a specific mem-
ory area that stores predetermined information, which

is used to specify an operating system that is capable

of processing the preset data stored in the data memory
area; and an output module that outputs the predeter-

mined information, which is stored in the specific mem-
ory area and is used to specify the operating system, to

a preset destination.

[0021] in the second storage device of the present in-

vention, the preset data is stored in the data memory
area, and the predetermined information for specifying

the operating system, which is used to process the pre-

set data stored in the data memory area, is stored in the

specific memory area. The output means outputs the

predetermined information on the operating system

stored in the specific memory area to the preset desti-

nation.

[0022] For example, while the second storage device

is connected with the information processing terminal,

the storage device outputs the predetermined informa-

tion on the operating system stored in the specific mem-
ory area, in response to a requirement from the infor-

mation processing terminal. The information processing

terminal receives the predetermined information on the

operating system and switches over the setting to the

OS based on the received information.

[0023] The present invention is further directed to an

external storage device that is connected with an infor-

mation processing terminal in a mutually data commu-
nicable manner via a predetermined interface. The ex-

ternal storage device has a general data memory area

and a specific memory area, which is different from the

data memory area and stores predetermined informa-

tion that is used to switch over setting to a selected op-

erating system in the information processing terminal.

[0024] The external storage device has the specific

memory area, in addition to the general data memory
area. The OS switchover moans switches over the set-

ting to an appropriate operating system, based on the

predetermined information stored in the specific mem-
ory area. For example, the specific memory area may
store information on an instruction set, which is used to

construct codes of an application program stored in the

data memory area. In this case, the information process-

ing terminal can readily implement the switchover of the

setting to the appropriate operating system based on

this information, regardless of the model of the proces-

sor and the type of the operating system corresponding

to the application program stored in the data memory
area.

[0025] The present invention is also directed to a third

storage device having a data memory area. The third

storage device includes at least: a processor that exe-

cutes a preset program stored in the data memory area;

data communication means that is used for data com-
munication with an external device; a code morphing

module that converts codes constituting the preset pro-

gram and being constructed by one of multiple instruc-

tion sets, which are different from each other and are

also different from an instruction set of the processor,

into codes executable by the processor; multiple oper-

ating systems (OS) that respectively correspond to the

multiple instruction sets; and OS switchover means that

automatically switches over setting to an operating sys-

tem, which is suitable for execution of the preset pro-

gram and is selected among the multiple operating sys-

tems, based on information on the preset program,

which is stored in a predetermined area of the data

memory area. The code morphing module converts

codes of the operating system selected by the OS
switchover means into codes executable by the proces-

sor, and the processor executes the code-converted op-

erating system.

[0026] In the third storage device of the present inven-

tion, the data communication means allows for data

communication with an external device. The OS switch-

over means automatically switches over the setting to

the operating system suitable for execution of the preset

program, based on the information on the preset pro-

gram, which is stored in the data memory area. The
code conversion means converts the codes of the se-

lected operating system into codes executable by the

processor of the storage device. The processorthen ex-

ecutes the code-converted operating system and acti-

vates the storage device on this operating system.

[0027] For example, it is assumed that the third stor-

age device downloads a program from an external de-

vice via the data communication means and executes

the downloaded program. When the program is con-

structed by one of instruction sets provided in the stor-

age device, the storage device is activated on the oper-

ating system corresponding to this program. The code

conversion means then converts the codes of this pro-

gram into codes executable by the processor of the stor-

age device. This arrangement enables a program to be

downloaded from an external device and executed by

the storage device, regardless of the instruction set

used producing the codes of the program.

[0028] In accordance with one preferable application

of the present invention, the third storage device also

includes connection status detecting means that detects

a connection status of the storage device with the ex-
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ternal device and automatically sets, based on the de-

tected connection status, either a dependent operation

mode, in which the storage device is operated under
control of the external device, or an independent oper-

ation mode, in which the storage device is independent- 5

iy operated by the processor.

[0029] The connection status detecting means de-

tects the connection status of the storage device with

the external device. When the result of detection repre-

sents connection of the storage device with the external 10

device, the dependent operation mode is automatically

set to make the storage device work as a memory unit

under control of the external device. When the result of

detection represents disconnection of the storage de-

vice from the external device, on the other hand, the in- is

dependent operation mode is automatically set to make
the processor of the storage device execute the OS and
the preset program. This arrangement effectively pre-

vents the storage device from being operated in the in-

dependent mode during connection with the external 20

device and sending non-required data to the external

device, which may result in malfunction of the external

device. Simple connection of the storage device with the
external device enables the storage device to work as
the memory unit of the external device and allows for 25

easy transfer of data.

[0030] The present invention is further directed to a
fourth storage device having a data memory area, which
includes a specific area for storing a storage device con-

trol program therein. The storage device control pro- 30

-gram includes: a data communication step that estab-

lishes data communication of the storage device with an
-external device; and a code conversion step that con-
verts codes constituting a preset program and being
constructed by one of multiple instruction sets, which 35

are different from each other and are also different from
an instruction set of a processor included in the storage
device, into codes executable by the processor of the
storage device. The code conversion step automatically

switches over setting to an operating system, which is 40

suitable for execution of the preset program and is se-

lected among multiple operating systems respectively

corresponding to the multiple instruction sets, based on
information on the preset program, which is stored in a
predetermined area of the data memory area. The code 45

conversion step then converts codes of the selected op-

erating system into codes executable by the processor
of the storage device.

[0031] This arrangement effectively prevents the stor-

age device control program from being deleted or de- so

stroyed through an operation of an external device.

[0032] The present invention is also directed to a com-
puter readable recording medium, in which a rewriting

program is recorded. The rewriting program includes a
rewriting step that rewrites storage contents of a protec- 55

tive area, which is included in a data memory area of an
external storage device and represents a specific area
for storing a preset program executed by a processor of

the external storage device.

[0033] For example, when the rewriting program is

mounted on an external device, the rewriting program
is executed to write an application program stored in the
external device into the protective area of the data mem-
ory area and to rewrite the preset program stored in the

protective area. In another example, the rewriting pro-

gram is executed to rewrite the preset program stored
in the protective area with a differential file stored in the
external device, so as to attain version upgrade of the
preset program.

[0034] The present invention is not restricted to the
information processing systems, the information

processing terminals, or the storage devices discussed
above, but may be actualized by corresponding meth-
ods like an information processing method. Other appli-

cations of the present invention include computer pro-

grams that actualize the information processing sys-

tems, the information processing terminals, the storage
devices, and the corresponding methods, recording me-
dia in which such computer programs are recorded, and
data signals that include such computer programs and
are embodied in carrier waves.

[0035] The above and other objects, features, as-

pects, and advantages of the present invention will be-
come more apparent from the following detailed de-
scription of the preferred embodiments with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036]

Fig. 1 is a block diagram illustrating the construction

of an information processing system in a first em-
bodiment of the present invention;

Fig. 2 is a flowchart showing a processing routine

executed at the time of activation of an external stor-

age device shown in Fig. 1

;

Fig. 3 is a flowchart showing a processing routine

to activate an information processing terminal

shown in Fig. 1;

Fig. 4 is a flowchart showing a processing routine

executed by a code conversion module of Fig. 1 in

the course of executing an application program af-

ter the activation of the Information processing ter-

minal of Fig. 1;

Fig. 5 is a block diagram illustrating the construction

of another

Fig. 5 is a block diagram illustrating the construction

of another information processing system including

an external storage device in a second embodiment
of the present invention;

Fig. 6 is a flowchart showing a processing routine

to set an operation mode executed by the connec-
tion status detecting function of the external storage
device shown in Fig. 5;

Fig. 7 is a flowchart showing a processing routine

5
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in an independent operation mode executed by the

external storage device of Fig. 5; and

Fig. 8 is a block diagram illustrating the construction

of a printing system, in which the external storage

device of Fig. 5 is connected with a printer device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0037] Some modes of carrying out the invention are

discussed below as preferred embodiments.

A. First Embodiment

[0038] A first embodiment of the present invention is

discussed with reference to Figs. 1 through 4.

[0039] Fig. 1 is a block diagram Illustrating the con-

struction of an Information processing system 1 in the

first embodiment of the present invention.

[0040] The information processing system 1 includes

an information processing terminal 2, an external stor-

age device 3, and a data communication bus 4.

[0041 ] The information processing terminal 2 includes

an I/O control circuit 20, an RISC (reduced instruction

set computer)-type CPU 21 , and a code morphing mod-

ule 22 and has two operating systems, OS-A and OS-B.

[0042] The I/O control circuit 20 controls data trans-

mission between the information processing terminal 2

and the external storage device 3 via the data commu-
nication bus 4.

[0043] The RISC-type CPU 21 is designed to en-

hance the efficiency of the pipeline processing and im-

prove the processing performance by simplification of

individual instructions, and has various programs to be

executed in the information processing terminal 2.

[0044] The code morphing module 22 includes a code

conversion selection sub-module 22a, a processor A
code conversion sub-module 22b, and a processor B

code conversion sub-module 22c.

[0045] The code conversion selection sub-module

22a selects either one of the processor A code conver-

sion sub-module 22b and the processor B code conver-

sion sub-module 22c according to the storage contents

of a configuration ROM 30b (discussed later), and

switches over the setting between the OS-A and the

OS-B.

[0046] The processor A code conversion sub-module

22b converts the codes constructed by an instruction set

of a processor A (an application program A shown in

Fig. 1), which is a CISC (complex instruction set com-

puter-type processor that makes individual instructions

approach to a high level language to allow execution of

complicated processing and thereby improve the

processing performance, into codes executable by the

RISC-type CPU 21.

[0047] The processor B code conversion sub-module

22c converts the codes constructed by an instruction set

of a CISC-type processor B (an application program B

shown in Fig. 1 ) into codes executable by the RISC-type

CPU 21.

[0048] The external storage device 3 has a data mem-
ory area 30, a Disk control circuit 31 , a CPU 32, a ROM

5 33, a RAM 34, and a bus 35.

[0049] The data memory area 30 is a mass storage

area for storing predetermined data therein. The data

memory area 30 includes a predetermined area 30a, in

which an objective application program and data relat-

10 jng to the application program are stored, and a config-

uration ROM 30b, which is mapped in conformity with

the IEEE 121 2 standard in a separate area from the pre-

determined area 30a.

[0050] The Disk control circuit 31 controls operations

is of writing data into the data memory area 30 and of read-

ing data from the data memory area 30.

[0051] Here the application program is, for examples,

a program for editing documents, a program for brows-

ing images, or a program for reproducing music, which

20 is used according to the user's requirements.

[0052] The configuration ROM 30b is mapped in con-

formity with the IEEE 1212 standard in a specified ad-

dress space in the data memory area 30. In this embod-

iment, the model of the processor and the type of the

25 OS, which can execute the application program stored

in the predetermined area 30a of the data memory area

30, are written in the configuration ROM 30b. Various

pieces of information, for example, the production

number and the company name, may additionally be

30 written in the configuration ROM 30b. In the structure of

the embodiment, a specific region of the predetermined

area 30a for actually storing the application program and

a preset area in the configuration ROM 30b may be pro-

tected to prevent the data stored therein from being re-

35 written through the operations of the information

processing terminal 2.

[0053] The CPU 32 executes a program stored in the

ROM 33, in order to execute an application program

stored in the predetermined area 30a of the data mem-
40 ory area 30 or to write the model of the processor and

the type of the OS, which can execute the application

program, in the configuration ROM 30b at the time of

activation of the external storage device 3, based on the

information of the application program stored in the pre-

45 determined area 30a of the data memory area 30. The

CPU 32 also controls data transmission between the ex-

ternal storage device 3 and the information processing

terminal 2 via the data communication bus 4, as dis-

cussed later.

so [0054] The ROM 33 is a read only storage medium
that stores programs and data required for execution of

the application program, writing of activation information

into the configuration ROM 30b, and control of data

communication via the data communication bus 4, and

55 js constructed by, for example, a non-volatile memory.

[0055] The RAM 34 is a rewritable storage medium
that temporarily stores data required for execution of the

programs, and is constructed by, for example, a volatile

6
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memory.

[0056] The bus 35 is a data transmission path used
for data transmission between the respective elements
like the CPU 32.

[0057] In the structure of this embodiment, the exter-

nal storage device 3 is an intelligent external memory
device, where the CPU 32 built therein can independ-
ently execute application program. In addition to the el-

ements discussed above, a power source unit for inde-

pendent operations as well as a speaker, a control unit,

a liquid crystal display, and other required elements ac-

cording to executable application programs are appro-
priately mounted on the external storage device 3.

[0058] The data communication bus 4 is used for data
transmission between the information processing termi-

nal 2 and the external storage device 3, and is in con-
formity with the IEEE 1 394 standard in this embodiment.
[0059] The concrete operations of the information

processing system 1 are discussed below. In response
to a supply of power to the external storage device 3,

the built-in CPU 32 reads a program for rewriting the

contents of the configuration ROM 30b, from the ROM
33. The CPU 32 executes the read-out program to read
the codes of an application program stored in the pre-

determined area 30a of the data memory area 30 and
analyze the codes. The CPU 32 then identifies the type
of an instruction set constructing the codes and speci-

fies the model of the processor, based on the results of

the analysis. The CPU 32 subsequently specifies the

type of the OS executable by the specified model of the

processor, and writes information regarding the model
of the process and the type of the OS that can execute
the application program into the configuration ROM 30b.

[0060] The information processing terminal 2 is acti-

vated in the following manner, while the external storage
device 3 including the configuration ROM 30b with the

information written therein is connected with the infor-

mation processing terminal 2 via the data communica-
tion bus 4 that is in conformity with the IEEE 1 394 stand-

ard. In response to a supply of power to the information

processing terminal 2, the RISC-type CPU 21 included

in the information processing terminal 2 reads the con-
tents of the configuration ROM 30b of the external stor-

age device 3 via the data communication bus 4. The
RISC-type CPU 21 can read the storage contents of the

configuration ROM 30b that is in conformity with the

IEEE 1212 standard via the data communication bus 4
that is in conformity with the IEEE 1394 standard. The
RISC-type CPU 21 accordingly reads the information re-

garding the model of the processor and the type of the

OS from the configuration ROM 30b, and stores the in-

formation into a RAM (not shown) included in the infor-

mation processing terminal 2 via the I/O control circuit

20. The RISC-type CPU 21 then activates the code mor-
phing module 22, which carries out a series of process-
ing based on the information regarding the model of the

processor and the type of the OS. In the structure of the

embodiment, as shown in Fig. 1, the code conversion

selection sub-module 22a of the code morphing module
22 selects either one of the processor A code conver-
sion sub-module 22b and the processor B code conver-
sion sub-module 22c to be used for code conversion,

5 based on the model of the processor and the type of the

OS. The code conversion selection sub-module 22a al-

so selects either one of the OS-A, that is, the OS for the

processor A, and the OS-B, that is, the OS for the proc-

essor B, as the activated setting according to the select-

10 ed code conversion sub-module. The code morphing
module 22 then carries out the code conversion with the
code conversion sub-module 22b or 22c and the OS se-

lected by the code conversion selection sub-module
22a. The RISC-type CPU 21 executes the code^on-

15 verted OS. This completes activation of the information

processing terminal 2.

[0061] After activation of the Information processing
terminal 2, the application program stored in the prede-

termined area 30a of the external storage device 3 is

20 subjected to the code conversion process. The applica-

tion program stored in the predetermined area 30a of

the data memory area 30 in the external storage device

3 is read out via the data communication bus 4, in re-

sponse to an operation on the activated OS.
25 [0062] The read-out application program consists of

the codes constructed by the instruction set that is not

executable by the RISC-type CPU 21 . The code conver-

sion sub-module 22b or 22c selected by the code con-
version selection sub-module 22a thus converts the

30 codes of the read-out application program into codes ex-

ecutable by the RISC-type CPU 21 . The RISC-type CPU
21 executes the code-converted application program on
the activated OS.

[0063] The series of processing executed at the time
35 of activation of the external storage device 3 is dis-

cussed below with reference to the flowchart of Fig. 2.

[0064] When the program enters the processing rou-

tine of Fig. 2, the CPU 32 first executes a certain pro-

gram and reads the information on the application pro-

40 gram from the predetermined area 30a of the data mem-
ory area 30 via the Disk control circuit 31 at step S200.

[0065] At subsequent step S202, the CPU 32 analyz-

es the codes of the read-out information on the applica-

tion program.

45 [0066] The program then proceeds to step S204, at

which the CPU 32 determines whether or not the codes
of the application program are constructed by the in-

struction set for the processor A, based on the results

of the analysis. In the case of the codes forthe processor
5o A, that is, in the case of an affirmative answer at step

S204, the program goes to step S206. Otherwise, that

is, in the case of a negative answer at step S204, the

program goes to step S208.

[0067] At step S206, the CPU 32 writes the informa-

55 tion with regard to the processor A in the configuration

ROM 30b. The program then exists from this processing
routine. In the structure of this embodiment, the infor-

mation is written at a specific address in the configura-
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tion ROM 30b. When there has already been the infor-

mation at the specified address, new pieces of informa-

tion are written over the existing information. The infor-

mation written here includes the information regarding

the processor A that can execute the application pro-

gram, and the information regarding the type of the OS
that corresponds to the processor A and can execute

the application program.

[0068] When it is determined at step S204 that the

codes of the application program are not the codes for

the processor A, on the other hand, the CPU 32 writes

the information with regard to the processor B in the con-

figuration ROM 30b at step S208. The program then ex-

its from this processing routine.

[0069] The arrangement of the embodiment is effec-

tively applicable to the case in which the application pro-

gram constructed by the instruction set of either the

processor A or the processor B is stored In the prede-

termined area 30a of the data memory area 30. When
the application program is constructed by another in-

struction set, the information with regard to the proces-

sor B is written into the configuration ROM 30b.

[0070] The series of processing to activate the infor-

mation processing terminal 2 is discussed below with

reference to the flowchart of Fig. 3.

[0071] When the program enters the processing rou-

tine of Fig. 3, the RISC-type CPU 21 first reads the stor-

age contents of the configuration ROM 30b in the exter-

nal storage device 3 via the data communication bus 4

at step S300.

[0072] At subsequent step S302, the code morphing

module 22 determines whether or not the read-out stor-

age contents represent the information regarding the

processor A. In the case of the information regarding the

processor A, that is, in the case of an affirmative answer

at step S302, the program goes to step S304. Other-

wise, that is, in the case of a negative answer at step

S302, the program goes to step S306.

[0073] At step S304, the code conversion selection

sub-module 22a selects the processor A code conver-

sion sub-module 22b to switch over the setting of code

conversion to the OS-A for the processor A and activate

the code-converted OS-A. The program then exits from

this activation routine.

[0074] When It is determined at step S302 that the

storage contents do not represent the information re-

garding the processor A, on the other hand, the code

conversion selection sub-module 22a selects the proc-

essor B code conversion sub-module 22c to switch over

the setting of code conversion to the OS-B for the proc-

essor B and activate the code-converted OS-B at step

S306. The program then exits from this activation rou-

tine.

[0075] Once the OS is subjected to the code conver-

sion process, the code-converted OS is stored. This ar-

rangement ensures high-speed activation of the code-

converted OS.

[0076] The series of processing executed by the code

14

morphing module 22 in the course of execution of the

application program after activation of the information

processing germinal 2 is discussed below with refer-

ence to the flowchart of Fig. 4.

5 [0077] When the program enters the processing rou-

tine of Fig. 4, the code morphing module 22 first deter-

mines whether or not the processor A code conversion

sub-module 22b has been selected to switch over the

setting of code conversion to the OS-A at step S400. In

10 the case of the setting of code conversion to activate the

OS-A, that is, in the case of an affirmative answer at

step S400, the program goes to step S402. Otherwise,

that is, in the case of a negative answer at step S400,
x the program goes to step S406.

15 [0078] At step S402, the code morphing module 22

determines whether or not a disk management opera-

tion on the selected OS-A is performed to execute an

application program that is executable by the processor

A and is stored in the predetermined area 30a of the

20 data memory area 30 in the external storage device 3

(hereafter referred to the application program A). In the

case of the execution operation for the application pro-

gram A, that is, in the case of an affirmative answer at

step S402, the program goes to step S404. Otherwise,

25 that is, in the case of a negative answer at step S402,

the program waits for an execution operation for the ap-

plication program A.

[0079] At step S404, the processorA code conversion

sub-module 22b works to convert the codes of the ap-

30 plication program A into codes executable by the RISC-

type CPU 21 . The program then exits from this process-

ing routine.

[0080] When it is determined at step S400 thatthe set-

ting of code conversion is not for activation of the OS-A,
35 the OS-B is set as the object of code conversion. The

code morphing module 22 determines whether or not a

disk management operation on the selected OS-B is

performed to execute an application program that is ex-

ecutable by the processor B and is stored in the prede-

40 termined area 30a of the data memory area 30 in the

external storage device 3 (hereafter referred to the ap-

plication program B) at step S406. In the case of the

execution operation for the application program B, that

is, in the case of an affirmative answer at step S406, the

45 program goes to step S408. Otherwise, that is, in the

case of a negative answer at step S406, the program

waits for an execution operation for the application pro-

gram B.

[0081 ] At step S408, the processor B code conversion

so sub-module 22c works to convert the codes of the ap-

plication program B into codes executable by the RISC-

type CPU 21 . The program then exits from this process-

ing routine.

[0082] According to the series of processing at steps

55 S400 through S408, the code morphing module

22converts the codes of the application program, which

is stored in the predetermined area 30a of the data

memory area 30 in the external storage device 3, into

o o
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the codes executable by the RISC-type CPU 21 of the

Information processing terminal 2. The RISC-type CPU
21 can thus execute the code-converted application pro-

gram and utilize the data for the application program
stored in the predetermined area 30a.

[0083] In the structure of the embodiment, the exter-

nal storage device 3 is the intelligent external memory
device that can independently execute the application

program stored in the predetermined area 30a. The ex-
ternal storage device 3 may thus be separated from the
system and dynamically used to fetch data for an appli-

cation program from another information processing ter-

minal or fetch an application program executable by the
external storage device 3. When terminals having the
functions of the information processing terminal 2 dis-

cussed above become popular, for example, the exter-

nal storage device 3 may be connected with a terminal

at an outside place and cause the application program
stored in the predetermined area 30a of the data mem-
ory area 30 in the external storage device 3 to be exe-
cuted on the terminal. In this case, it is not required to

take account of the model of the processor or the type
of the OS corresponding to the application program.

[0084] In the structure of this embodiment discussed
above, the information regarding the model of the proc-
essor and the type of the OS that can execute the ap-
plication program, which is stored in the predetermined
area 30a of the data memory area 30 in the external

.
storage device 3, is written in the configuration ROM
30b. Based on the storage contents of the configuration

.i.ROM 30b, the code conversion selection sub-module
22a of the code morphing module 22 selects the code

-conversion sub-module 22b or 22c to switch over the
OS activated on the information processing terminal 2
to the selected OS that can execute the application pro-

gram. The application program can thus be executed on
the appropriate OS by normally activating the informa-
tion processing terminal 2, regardless of the instruction

set used for production of the application program
stored in the external storage device 3.

[0085] At the time of activation, the external storage
device 3 writes the information regarding the model of

the processor and the type of the OS, which can execute
the application program stored in the predetermined ar-

ea 30a, Into the configuration ROM 30b. When the ap-
plication program stored in the predetermined area 30a
has been subjected to the code conversion to another
instruction set, the information on the model of the proc-

essor and the type of the OS is updated at the time of

activation of the external storage device 3. This arrange-
ment effectively prevents the information processing
terminal 2 from being activated with a wrong OS.
[0086] The data communication bus 4 shown in Fig.

1 corresponds to the predetermined interface of the
claims, and the RISC-type CPU 21 corresponds to the
processor of in the claims. The code morphing module
22 corresponds to the code morphing module of the
claims. The code conversion selection sub-module 22a

corresponds to the code conversion selection module
or the OS switchover means of the claims. The proces-
sor A code conversion sub-module 22b and the proces-
sor B code conversion sub-module 22c correspond to

5 the multiple code conversion modules of the claims. The
configuration ROM 30b corresponds to the specified
memory area of claims. The process of reading infor-

mation on the application program from the predeter-
mined area 30a executed by the CPU 32 corresponds

io to the application program information reading means
of the claims. The process of writing information re-

quired for switchover of the active OS into the configu-
ration ROM 30b corresponds to the information writing

means of the claims.
is [0087] In the structure of this embodiment, the two dif-

ferent instruction sets for the processor A and the proc-
essor B can be subjected to the code conversion carried
out by the code morphing module 22 of the Information

processing terminal 2. This is, however, not restrictive
20 at all, and three or a greater number of instruction sets

for the respective processors may be subjected to the
code conversion.

[0088] In the structure of the first embodiment, the in-

formation written in the configuration ROM 30b at the
25 time of activation of the external storage device 3 (that

is, the information regarding the model of the processor
and the type of the OS that can execute the application

program stored in the predetermined area 30a) relates

to only the two different processors, the processorA and
30 the processor B, and the two different operating sys-

tems, the OS-A and the OS-B. This is, however, not re-

strictive at all, and the information written in the config-
uration ROM 30b may relate to any processors and op-
erating systems selected among general-purpose and

35 specific-purpose processors and versatile and non-ver-
satile operating systems that can execute the applica-
tion program.

[0089] In the structure of the embodiment, the bus de-
signed in conformity with the IEEE 1 394 standard is ap-

40 plied for the data communication bus 4 that allows for

data communication between the information process-
ing terminal 2 and the external storage device 3. This
is, however, not restrictive at all, and another interface

bus, such as an SCSI (small computer system interface)

bus or a USB (universal serial bus), may be applied for

the data communication.

[0090] In the structure of the embodiment, the intelli-

gent external memory device is applied for the external

storage device 3. This is, however, not restrictive at all,

50 and a non-intelligent external memory device, such as
a conventional hard disk, may be use for the external
storage device 3. In the settings of this modified appli-

cation, the information required for switchover of the ac-
tive OS is stored in a specific memory area in the non-

55 intelligent external memory device. The information

processing system 2 reads the storage contents from
the specific memory area and switches over the active

OS.
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[0091] In the structure of the embodiment, the infor-

mation regarding both of the model of the processorand

the type of the OS that can execute the application pro-

gram is written in the configuration ROM 30b. This is,

however, not restrictive at all. Any information that ena-

bles the code conversion selection sub-module 22a of

the code morphing module 22 in the information

processing terminal 2 to carry out the switchover of the

active OS may be written in the configuration ROM 30b.

For example, only a required minimum piece of informa-

tion, that is, eitherthe model of the processor or the type

of the OS, may be written in the configuration ROM 30b.

B. Second Embodiment

[0092] A second embodiment of the invention is dis-

cussed below with reference to Figs. 5 through 8.

[0093] Fig. 5 is a block diagram illustrating the con-

struction of another information processing system 1 01

including an external storage device 1 02 in the second

embodiment of the present invention.

[0094] The information processing system 101 in-

cludes the external storage device 102, a data commu-

nication bus 103, and an information processing termi-

nal 104.

[0095] The external storage device 1 02 includes an I/

O control circuit 120, a data memory area 121, a Disk

control circuit 122, a RISC (reduced instruction set com-

puter)-type CPU 123, and a code morphing module 1 24.

[0096] The I/O control circuit 1 20 controls data trans-

mission to and from the information processing terminal

1 04 via the data communication bus 1 03, and also func-

tions to determine whether or not the external storage

device 102 is connected with an external device. In the

structure of the second embodiment, the I/O control cir-

cuit 1 20 detects the status of the external storage device

1 02 connecting with or disconnecting from the informa-

tion processing terminal 104. In response to detection

of the connecting status, the I/O control circuit 1 20 fetch-

es attribute information from the information processing

terminal 1 04 and specifies the setting of the external

storage device 102 in either an independent operation

mode or a dependent operation mode, based on the

connecting status and the fetched attribute information.

The attribute information here is a distinct piece of infor-

mation to discriminate an independent device, such as

a PC or a PDA, from a dependent device, such as a

printer or a scanner, under control of an independent

device.

[0097] The data memory area 121 is a mass storage

area for storing predetermined data therein, and in-

cludes a protective area 1 21 a
:
in which an objective ap-

plication program executable by the external storage

device 102 is stored. The application program stored in

the protective area 121a is protected to be rewritable

only by an exclusive rewriting program (discussed later).

Any information processing terminal without this exclu-

sive rewriting program is allowed to only read the appli-

18

cation program stored in the protective area 121a.

[0098] The Disk control circuit 1 22 carries out Disk ac-

cess control, that is, controls operations of writing data

into the data memory area 1 21 and of reading data from

5 the data memory area 121.

[0099] The RISC-type CPU 123 is designed to en-

hance the efficiency of the pipeline processing and im-

prove the processing performance by simplification of

individual instructions, and has various programs to be

10 executed in the external storage device 102.

[0100] The code morphing module 124 includes a

code conversion selection sub-module 124a, a proces-

sor A code conversion sub-module 124b, and a proces-

sor B code conversion sub-module 124c.

15 [0101] The code conversion selection sub-module

1 24a selects either one of the processor A code conver-

sion sub-module 124b and the processor B code con-

version sub-module 1 24c according to the storage con-

tents of the protective area 1 21 a, and switches over the

20 setting between the OS-A and the OS-B to activate the

external storage device 102.

[01 02] The processor A code conversion sub-modu le

124b converts the codes constructed by an instruction

set of a processor A (that is, an application program A
25 shown in Fig. 5), which is a CISC (complex instruction

set computer)-type processor that makes individual in-

structions approach to a high level language to allow ex-

ecution of complicated processing and thereby improve

the processing performance, into codes executable by

30 the RISC-type CPU 123.

[0103] The processor B code conversion sub-module

124c converts the codes constructed by an instruction

set of a CISC-type processor B (that is an application

program B shown in Fig. 5) into codes executable by the

35 RISC-type CPU 123.

[0104] In the structure of the second embodiment, the

codes of the OS and the application program converted

by the code morphing module 1 24 are stored in the main

memory of the external storage device 102. When the

40 same OS or the same application program is selected

again for the code conversion, the converted codes

stored in the main memory are reused. This desirably

reduces the overhead (deterioration of the perform-

ance), due to the code conversion.

45 [0105] The external storage device 1 02 stores an ex-

clusive rewriting program, which is used to rewrite the

application program stored in the protective area 121a

of the data memory area 121 , as mentioned previously.

[0106] The data communication bus 103 is used for

so data transmission between the external storage device

102 and the information processing terminal 104, and

may bo any of a bus in conformity with the IEEE 1394

standard, an SCSI (small computer system interface)

bus, or a USB (universal serial bus).

55 [0107] The information processing terminal 1 04 is an

independent device, such as a PC or a PDA, and in-

cludes a storage device for storing programs and data,

a CPU executing the programs stored in the storage de-
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vice, and a RAM for temporarily storing data used for

execution of the programs. The information processing
terminal 4 also stores the exclusive rewriting program,
which is used to rewrite the application program stored
in the protective area 1 21 a of the data memory area 1 21
in the external storage device 102.

[0108] The concrete operations of the information

processing system 101 are discussed below. In re-

sponse to a supply of power to the external storage de-
vice 1 02, the I/O control circuit 1 20 activates its connec-
tion status detecting function to detect the status of the
external storage device 102 connecting with or discon-

necting from an external device, that is, the information

processing terminal 104. When the result of the detec-
tion represents the status of connection with the infor-

mation processing terminal 104 and the attribute infor-

mation fetched from the connected Information process-
ing terminal 104 represents an Independent device, the

external storage device 102 is set in the dependent op-
eration mode. In the dependent operation mode, the ex-
ternal storage device 1 02 hands the control to the infor-

mation processing terminal 1 04 and works as a second-
ary storage device of the information processing termi-

nal 1 04. In this case, the access operation, for example,
the operation of writing data into the data memory area
121 of the external storage device 102, is carried out in

response to a control signal transmitted from the infor-

mation processing terminal 104. The information

processing terminal 1 04 accordingly controls the oper-
ation of writing predetermined data into the data mem-

.
ory area 1 21 of the external storage device 1 02 and the

^operation of reading predetermined data from the data
memory area 1 21 via the data communication bus 1 03.

[0109] While the external storage device 1 02 is set in

the dependent operation mode, the information
processing terminal 104 may execute the exclusive re-

writing program to rewrite the application program
stored in the protective area 121 of the data memory
area 121. Execution of the exclusive rewriting program
may write another application program stored in the in-

formation processing terminal 104 over the application

program stored in the protective area 121a or may de-
lete the application program stored in the protective area
121a.

[01 10] When the connection status detecting function

of the I/O control circuit 120 detects the disconnecting
status from the information processing terminal 104, on
the other hand, the external storage device 1 02 is set in

the independent operation mode. In the independent
operation mode, the code conversion selection sub-
module 124a of the code morphing module 124 reads
the information regarding the application program
stored in the protective area 121a of the data memory
area 121 via the Disk control circuit 122. The code con-
version selection sub-module 124a specifies the type of

the OS to be activated, based on the read-out informa-
tion, and selects the code conversion sub-module 124b
or 1 24c corresponding to the selected OS. According to

the concrete procedure, the code conversion selection
sub-module 124a identifies the type of the instruction

set used for production of the codes of the application
program stored in the protective area 121a, that is, ei-

5 ther the instruction set for the processor A or the instruc-

tion set for the processor B. The code conversion selec-
tion sub-module 124a then selects either the processor
A code conversion sub-module 124b or the processor
B code conversion sub-module 124c to be activated for

io code conversion, and also switches over the active OS
between the OS-A and the OS-B, based on the result of

the identification.

[0111] The code conversion sub-module 124b or
124c of the code morphing module 124, which is select-

's ed by the code conversion selection sub-module 124a,
makes the OS-A or the OS-B, which is set by the code
conversion selection sub-module 124a, subjected to

code conversion. The RISC-type CPU 123 executes the
code-converted OS. This completes activation of the ex-

20 ternal storage device 1 02.

[0112] At this moment, the OS corresponding to the
application program stored in the protective area 121a
of the data memory area 121 becomes active in the ex-
ternal storage device 102. The selected code conver-

ts sion sub-module 1 24b or 1 24c carries out the code con-
version of the application program on the active OS. The
RISC-type CPU 123 then executes the code-converted
application program.

[0113] While the external storage device 102 is dis-

30 connected from the information processing terminal

104, the RISC-type CPU 123 of the external storage de-
vice 102 independently executes the application pro-
gram stored in the protective area 121a of the data
memory area 121.

35 [0114] In addition to the elements discussed above,
a power source unit for independent operations as well
as a speaker, a control unit, a liquid crystal display, and
other required elements according to executable appli-

cation programs are appropriately mounted on the ex-
40 ternal storage device 102.

[01 15] In the structure of the second embodiment, the
external storage device 1 02 is capable of writing another
application program stored in a different place from the
protective area 121 a in the data memory area 121 over

^5 the application program stored in the protective area
121a, according to the exclusive rewriting program
stored therein.

[0116] The external storage device 102 of the second
embodiment may be connected with a printer device to

50 construct a printing system. In this printing system, the
data memory area 121 includes the protective area
121a that stores an application program for controlling

the printer device, which has been written in advance
by the information processing terminal 104, and a pre-

55 determined area that is different from the protective area
121a and stores image data, which has been written in

advance by the information processing terminal 104.
Fig. 8 is a block diagram illustrating the construction of
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a printing system 105, in which the external storage de-

vice 102 of the second embodiment is connected with

a printer device 106.

[0117] The printing system 105 includes the external

storage device 102 and the printer device 106, which

are connected with each other via the data communica-

tion bus 103.

[0118] The external storage device 102 and the data

communication bus 103 included in the printing system

105 are identical with those included in the information

processing system 101 of the second embodiment

shown in Fig. 5 and are thus not specifically described.

[0119] The printer device 106 is constructed by the

same technique as that of known printers. According to

the application program for controlling the printer device

executed by the external storage device 1 02, the printer

device 1 06 receives print data transmitted from the ex-

ternal storage device 1 02 and prints an image on a print-

ing medium based on the input print data.

[01 20] The concrete operations of the printing system

105 are discussed briefly. In response to a supply of

power to the external storage device 1 02, the I/O control

circuit 120 activates its connection status detecting

function to detect the status of tho external storage de-

vice 102 connecting with or disconnecting from an ex-

ternal device, that is, the printer device 106. When the

result of the detection represents the status of connec-

tion with the printer device 106 and the attribute infor-

mation fetched from the connected printer device 106

represents a dependent device, the external storage de-

vice 102 is set in the independent operation mode. In

the independent operation mode, the application pro-

gram for controlling the printer device stored in the pro-

tective area 1 21 a of the data memory area 1 21 is auto-

matically executed on the selected active OS. The exe-

cution of the application program causes the printer de-

vice 106 to print the image data stored in the predeter-

mined area of the data memory area 121

.

[0121] The series of processing to set the operation

mode executed by the connection status detecting func-

tion of the external storage device 1 02 is discussed be-

low with reference to the flowchart of Fig. 6.

[0122] When the program enters the processing rou-

tine of Fig. 6, the connection status detecting function

of the I/O control circuit 120 first determines whether or

not the external storage device 1 02 Is connected with

or disconnected from an external device at step S1200.

In the case of the connecting status., that is, in the case

of an affirmative answer at step S1200, the program

goes to step S1202. Otherwise, that is, in the case of a

negative answer at step S1200, the program goes to

step S1208.

[01 23] At step S1 202, the connection status detecting

function determines whether or not the attribute infor-

mation fetched from the external device represents an

independent device. In the case of the independent de-

vice, that is, in the case of an affirmative answer at step

S 1 202, the program goes to step S1 204. Otherwise, that

is, in the case of a negative answer at step S1202, the

program goes to step S1206.

[01 24] At step S1 204, the connection status detecting

function sets the external storage device 102 in the de-

5 pendent operation mode. The program then exists from

this processing routine.

[0125] When it is determined at step S1202 that the

attribute information fetched from the external device

does not represent the independent device, the connec-

ts tion status detecting function sets the external storage

device 1 02 in the independent operation mode at step

S1 206. The program then exits from this processing rou-

tine.

[0126] When it is determined at step S1200 that the

15 external storage device 102 is disconnected from the

external device, the connection status detecting func-

tion also sets the external storage device 102 In the in-

dependent operation mode at step S1 208. The program

then exits from this processing routine.

20 [0127] The series of processing in the independent

operation mode executed by the external storage device

1 02 is discussed below with reference to the flowchart

of Fig. 7.

[0128] When the program enters the processing rou-

25 tine of Fig. 7, the external storage device 102 first de-

termines whether or not the application program has

been stored in advance in the protective area 121a of

the data memory area 1 21 at step S1 300. When the ap-

plication program is present in the protective area 121 a,

30 that is, in the case of an affirmative answer at step

S1 300, the program goes to step S1 302. Otherwise, that

is, in the case of a negative answer at step S1300, the

program goes to step S1314.

[01 29] At step S1 302, the external storage device 1 02

35 determines whether or not the codes for the processor

A are included in the application program read from the

protective area 121 a. When the application program in-

cludes the codes for the processor A, that is, in the case

of an affirmative answer at step S1302, the program

40 goes to step S1304. Otherwise, that is, in the case of a

negative answer at step S1302, the program goes to

step S1310.

[01 30] The external storage device 1 02 activates the

OS-A at step S1304. According to the concrete proce-

ss dure of step S1 304, the code conversion selection sub-

module 124a selects the processor A code conversion

sub-module 124b and the OS-A corresponding to the

application program A. The RISC-type CPU 23 then ac-

tivates the selected OS-A in the following manner. The
so processor A code conversion sub-module 124b con-

verts the codes of the OS-A into the codes executable

by the RISC-type CPU 123, and the RISC-typo CPU 23

executes the code-converted OS-A. This completes ac-

tivation of the selected OS-A.

55 [01 31 ] The external storage device 1 02 executes the

application program A stored in the protective area 121

on the activated OS-A at step S1306, and the program

then proceeds to step S1 308. In the structure of this em-

12
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bodiment, only one application program, that is, either

the application program A or the application program B,

is recorded in the protective area 121 a. The application

program corresponding to the selected OS is automat-
ically executed on the activated OS. s

[0132] The external storage device 1 02 then waits for

the user's operation on the activated OS or the executed
application program at step S1308.

[0133] When it is determined at step S1 302 that the
application program read from the protective area 121 to

does not include the codes for the processor A, on the
other hand, the external storage device 1 02 activates

the OS-B at step S1 31 0. According to the concrete pro-
cedure of step S1310, the code conversion selection
sub-module 1 24a selects the processor B code conver- 15

sion sub-module 124c and the OS-B corresponding to

the application program B. The RISC-type CPU 23 then
activates the selected OS-B in the following manner.
The processor B code conversion sub-module 124c
converts the codes of the OS-B into the codes execut- 20

able by the RISC-type CPU 123, and the RISC-type
CPU 23 executes the code-converted OS-B. This com-
pletes activation of the selected OS-B.
[01 34] The external storage device 1 02 executes the
application program B stored in the protective area 121 25
on the activated OS-B at step S1312, and the program
then proceeds to step S1 308.

[0135] When it is determined at step S1300 that no
application program is present in the protective area
121a, the external storage device 102 activates the 30
OS-A at step S1 31 4. The program then proceeds to step
S1308.

[01 36] As discussed above, in the structure of the ex-
ternal storage device 102 of the second embodiment,
the code conversion selection sub-module 124a of the 35

code morphing module 1 24 selects the code conversion
sub-module 1 24b or 1 24c to be activated, based on the
code information of the application program stored in the
protective area 1 21 a of the data memory area 121, and
specifies the OS that can execute the application pro- 40

gram and is used to activate the external storage device
1 02. Activation of the external storage device 1 02 in the
independent operation mode enables the application

program to be executed on the appropriate OS, irre-

spective of the instruction set of the codes constituting 45

the application program stored in the external storage
device 102.

[0137] The external storage device 102 detects the
connection status with an external device and automat-
ically sets either the independent operation mode or the so

dependent operation mode, based on the result of the
detection. This arrangement desirably saves the user's
labor and time for manual setting and enables the ex-
ternal storage device 102 to be readily used through
simple connection with an external device. 55

[0138] The application program executed by the ex-
ternal storage device 1 02 is stored in the protective area
121a of the data memory area 121. This arrangement

effectively prevents the application program from being
deleted or destroyed by, for example, malfunction of the
external device.

[0139] The contents of the protective area 121a are
rewritable by the exclusive rewriting program. This ar-

rangement enables the application program executed
by the external storage device 1 02 to be modified or up-
graded to a new version.

[0140] The code morphing module 124 shown in Fig.

5 corresponds to the code morphing module of the
claims. The code conversion selection sub-module
124a corresponds to the code conversion selection
module or the OS switchover means of the claims. The
processorA code conversion sub-module 124b and the
processor B code conversion sub-module 124c corre-
spond to the multiple code conversion modules of the
claims. The data communication bus 103 corresponds
to the data communication means of the claims.

[01 41 ] In the structure of the second embodiment, the
two different instruction sets for the processor A and the
processor B can be subjected to the code conversion
carried out by the code morphing module 1 24 of the ex-
ternal storage device 102. This is, however, not restric-

tive at all, and three or a greater number of instruction

sets for the respective processors may be subjected to
the code conversion.

[0142] The above embodiments are to be considered
in all aspects as illustrative and not restrictive. There
may be many modifications, changes, and alterations
without departing from the scope or spirit of the main
characteristics of the present invention. All changes
within the meaning and range of equivalency of the
claims are therefore intended to be embraced therein.

[0143] The scope and spirit of the present invention
are indicated by the appended claims, rather than by the
foregoing description.

Claims

1. An information processing system comprising an in-

formation processing terminal and an external stor-

age device, which is connected with the information
processing terminal in a data communicable man-
ner,

the Information processing terminal compris-
ing:

a processor;

multiple code conversion modules that respec-
tively correspond to multiple instruction sets,

which are different from each other and are also
different from an instruction set of the proces-
sor, each of the multiple code conversion mod-
ules converting codes constructed by the cor-
responding instruction set into codes executa-
ble by the processor; and
a code conversion selection module that se-
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lects one code conversion module correspond-

ing to an instruction set, which is specified by

predetermined information stored in the exter-

nal storage device, among the multiple code

conversion modules, 5

wherein the selected code conversion module

converts codes of a program, which is constructed

by the instruction set specified by the predeter-

mined information, into codes executable by the 10

processor.

An information processing system in accordance

with claim 2, wherein the external storage device

has a data memory area, the data memory area in- *5

eludes a predetermined area for storing a preset

program therein, and the predetermined informa-

tion is induced from information of the preset pro-

gram.
20

An information processing system in accordance

with claim 2, wherein the predetermined information

includes at least either one of information regarding

model of a processor that is capable of executing

the preset program and information regarding type 25

of an operating system (OS) that is capable of ex-

ecuting the preset program.

An information processing system in accordance

with claim 1 , wherein the external storage device 30

has a data memory area, the data memory area in-

cludes a specific memory area, and the predeter-

mined information is stored in the specific memory

area.
35

An information processing system in accordance

with claim 4, wherein the external storage device is

connected with the information processing terminal

via an interface in conformity with an IEEE 1394

standard, and 40

the specific memory area is a configuration

ROM (read only memory) area in conformity with an

IEEE 1212 standard.

An information processing terminal that Is commu- *s

nicated with an external storage device in a data

communication manner, the information processing

terminal comprising:

a processor; 50

multiple code conversion modules that respec-

tively correspond to multiple instruction sets,

which are different from each other and are also

different from an instruction set of the proces-

sor, each of the multiple code conversion mod- 55

ules converting codes constructed by the cor-

responding instruction set into codes executa-

ble by the processor; and

a code conversion selection module that se-

lects one code conversion module correspond-

ing to an instruction set, which is specified by

predetermined information stored in the exter-

nal storage device, among the multiple code

conversion modules,

wherein the selected code conversion module

converts codes of a program, which is constructed

by the instruction set specified by the predeter-

mined information, into codes executable by the

processor.

7. A storage device having a data memory area, the

storage device comprising:

a processor;

multiple code conversion modules that respec-

tively correspond to multiple instruction sets,

which are different from each other and are also

different from an instruction set of the proces-

sor, each of the multiple code conversion mod-

ules converting codes constructed by the cor-

responding instruction set into codes executa-

ble by the processor; and

a code conversion selection module that se-

lects one code conversion module correspond-

ing to an instruction set, which is specified by

predetermined information stored in the data

memory area, among the multiple code conver-

sion modules,

wherein the selected code conversion module

converts codes of a program, which is constructed

by the instruction set specified by the predeter-

mined information, into codes executable by the

processor.

8. A storage device in accordance with claim 7, the

data memory area includes a predetermined area

for storing a preset program therein, and the prede-

termined information represents information of the

preset program.

9. A computer readable recording medium, in which

an information processing terminal control program

for controlling an information processing terminal,

which is connected with an external storage device

in a data communicable manner, is recorded, the

information processing terminal control program

causing a computer to attain:

multiple code conversion functions that respec-

tively correspond to multiple instruction sets,

which are different from each other and are also

different from an instruction set of a processor

included in the information processing terminal,

each of the multiple code conversion functions

14
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converting codes constructed by the corre-

sponding instruction set into codes executable
by the processor; and
a code conversion selection function that se-

lects one code conversion function correspond-
ing to an instruction set, which is specified by
predetermined information stored in the exter-

nal storage device, among the multiple code
conversion functions,

wherein the selected code conversion func-

tion converts codes of a program, which is con-
structed by the instruction set specified by the pre-

determined information, into codes executable by
the processor.

10. A computer readable recording medium, in which a
storage device control program for controlling a
storage device, which has a data storage area, is

recorded, the storage device control program caus-
ing a computer to attain:

multiple code conversion functions that respec-
tively correspond to multiple instruction sets,

which are different from each other and are also
different from an instruction set of a processor
included in the storage device, each of the mul-
tiple code conversion functions converting

codes constructed by the corresponding in-

struction set into codes executable by the proc-

essor; and
a code conversion selection function that se-

lects onecode conversion function correspond-
ing to an instruction set, which is specified by
predetermined information stored in the data
memory area, among the multiple code conver-

sion functions,

wherein the selected code conversion func-

tion converts codes of a program, which is con-
structed by the instruction set specified by the pre-

determined information, into codes executable by
the processor.

11 An information processing system comprising an in-

formation processing terminal and an external stor-

age device, which is connected with the information

processing terminal in a mutually data communica-
ble manner via a predetermined interface,

the information processing terminal compris-
ing: multiple operating systems (OS) that respec-
tively correspond to multiple instruction sets, which
are different from each other and different from an
instruction set of a processor included in the infor-

mation processing terminal; and a code morphing
module that converts codes constructed by each of

the multiple instruction sets into codes executable
by the processor of the information processing ter-

w

15

20

25

minal,

the code morphing module comprising OS
switchover means, which automatically switches
over setting to an operating system that corre-
sponds to predetermined information read from the
external storage device and is selected among the
multiple operating systems,

the code morphing module converting codes
of the operating system selected by the OS switch-
over means into codes executable by the processor
of the information processing terminal.

12. An information processing system in accordance
with claim 11, wherein the external storage device
has a general data memory area and a specific

memory area, which is different from the data mem-
ory area and stores the predetermined information
therein, and the OS switchover means switches
over the setting to the selected operating system,
based on the predetermined information stored in

the specific memory area.

13

30

35

40

An information processing system in accordance
with claim 12, wherein the external storage device
comprises:

application program information reading
means that reads information of a preset appli-

cation program stored in a predetermined area
of the data memory area; and
information writing means that writes the pre-

determined information, which is required for

the switchover to the selected operating sys-
tem, into the specific memory area, based on
the read-out information of the preset applica-

tion program.

14. An information processing system in accordance
with claim 13, wherein the predetermined informa-
tion required for the switchover to the selected op-
erating system represents model of a processor
that is capable of executing the preset application

program.

45 15

50

55

An information processing system in accordance
with claim 13, wherein the predetermined informa-
tion required for the switchover to the selected op-
erating system represents type of an operating sys-
tem that is capable of executing the preset applica-
tion program.

16. An information processing system in accordance
with claim 12, wherein the predetermined interface

is in conformity with an IEEE 1394 standard, and
the specific memory area is a configuration

ROM (read only memory) area in conformity with an
IEEE 1212 standard.

15
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17. An information processing terminal that is connect-

ed with an external storage device in a mutually da-

ta communicable manner via a predetermined in-

terface, the information processing terminal com-

prising:

multiple operating systems (OS) that respec-

tively correspond to multiple instruction sets,

which are different from each other and differ-

ent from an instruction set of a processor in-

cluded in the information processing terminal;

and

a code morphing module that converts codes

constructed by each of the multiple instruction

sets into codes executable by the processor of

the information processing terminal,

the code morphing module comprising OS
switchover means, which automatically switch-

es over setting to an operating system that cor-

responds to predetermined information read

from the external storage device and is select-

ed among the multiple operating systems,

the code morphing module converting codes of

the operating system selected by the OS
switchover means into codes executable by the

processor of the information processing termi-

nal.

18. An information processing terminal in accordance

with claim 17, wherein the external storage device

has a general data memory area and a specific

memory area, which is different from the data mem-

ory area and stores the predetermined information

therein, and the OS switchover means switches

over the setting to the selected operating system,

based on the predetermined information stored in

the specific memory area.

19. An information processing terminal in accordance

with claim 18, wherein the external storage device

comprises:

application program information reading

means that reads information of a preset appli-

cation program stored in a predetermined area

of the data memory area; and

information writing means that writes the pre-

determined information, which is required for

the switchover to the selected operating sys-

tem, into the specific memory area, based on

the read-out information of the preset applica-

tion program.

20. An information processing terminal in accordance

with claim 19, wherein the predetermined informa-

tion required for the switchover to the selected op-

erating system represents model of a processor

that is capable of executing the preset application

program.

21. An information processing terminal in accordance

with claim 19, wherein the predetermined informa-

5 tion required for the switchover to the selected op-

erating system represents type of an operating sys-

tem that is capable of executing the preset applica-

tion program.

10 22. An information processing terminal in accordance

with claim 18, wherein the predetermined interface

is in conformity with an IEEE 1394 standard, and

the specific memory area is a configuration

ROM (read only memory) area in conformity with an

is IEEE 1212 standard.

23. A storage device, comprising:

a data memory area that stores preset data

20 therein;

a specific memory area that stores predeter-

mined information, which is used to specify an

operating system that is capable of processing

the preset data stored in the data memory area;

25 and
an output module that outputs the predeter-

mined information, which is stored in the spe-

cific memory area and is used to specify the op-

erating system, to a preset destination.

30

24. An external storage device that is connected with

an information processing terminal in a mutually da-

ta communicable manner via a predetermined in-

terface,

35 the external storage device having a general

data memory area and a specific memory area,

which is different from the data memory area and

stores predetermined information that is used to

switch over setting to a selected operating system

40 in the information processing terminal.

25. An external storage device in accordance with claim

24, the external storage device comprising:

45 application program information reading

means that reads information of a preset appli-

cation program stored in a predetermined area

of the data memory area; and

information writing means that writes the pre-

50 determined information, which is required for

the switchover to the selected operating sys-

tem, into the specific memory area, based on

the read-out information of the preset applica-

tion program.

55

26. An external storage device in accordance with claim

25, wherein the predetermined information required

for the switchover to the selected operating system

16
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represents model of a processor that is capable of

executing the preset application program.

27. An external storage device in accordancewith claim
25, wherein the predetermined information required s

for the switchover to the selected operating system
represents type of an operating system that is ca-

pable of executing the preset application program.

28. An external storage device in accordance with claim io

24, wherein the predetermined interface is in con-
formity with an IEEE 1394 standard, and

the specific memory area is a configuration

ROM (read only memory) area in conformity with an
IEEE 1212 standard.

*

15

29. A computer readable recording medium, in which
an Information processing terminal control program
for controlling an information processing terminal,

which is connected with an external storage device 20

in a mutually data communicable manner via a pre-

determined interface, is recorded, the information

processing terminal control program comprising:

a code conversion step that converts codes 25

constructed by each of multiple instruction sets,

which are differentfrom each other and are also

different from an instruction set of a processor
included in the information processing terminal,

into codes executable by the processor inciud- 30

ed in the information processing terminal,

the code conversion step automatically switch-

ing over setting to an operating system, which
corresponds to predetermined information read
from the external storage device and is select- 35

ed among multiple operating systems that re-

spectively correspond the multiple instruction

sets.

30. A recording medium in accordance with claim 29, 40

wherein the external storage device has a general
data memory area and a specific memory area,

which is different from the data memory area and
stores the predetermined information therein, and

the code conversion step switches over the *s

setting to the selected operating system, based on
the predetermined information stored in the specific

memory area.

31. A computer readable recording medium, in which
an external storage device control program for con-
trolling an external storage device, which is con-
nected with an information processing terminal in a
mutually data communicable manner via a prede-
termined interface, is recorded, the external storage
device control program comprising:

application program information reading step

that reads information of a preset application

program stored in a predetermined area of the
data memory area; and
information writing step that writes the prede-
termined information, which is required for a
switchover to a selected operating system in

the information processing terminal, into the
specific memory area, based on the read-out
information of the preset application program.

32. A recording medium in accordance with claim 31

,

wherein the predetermined information required for

the switchover to the selected operating system
represents model of a processor that is capable of

executing the preset application program.

33

50

55

A recording medium in accordance with claim 31,
wherein the predetermined Information required for

the switchover to the selected operating system
represents type of an operating system that is ca-
pable of executing the preset application program.

34. A storage device having a data memory area, the
storage device comprising at least:

a processor that executes a preset program
stored in the data memory area;

data communication means that is used for da-
ta communication with an external device;

a code morphing module that converts codes
constituting the preset program and being con-
structed by each of multiple instruction sets,

which are different from each other and are also

different from an instruction set of the proces-
sor, into codes executable by the processor;
multiple operating systems (OS) that respec-
tively correspond to the multiple instruction

sets; and
OS switchover means that automatically

switches over setting to an operating system,
which is suitable for execution of the preset pro-

gram and is selected among the multiple oper-

ating systems, based on information on the pre-

set program, which is stored in a predetermined
area of the data memory area,

wherein the code morphing module converts
codes of the operating system selected by the OS
switchover means into codes executable by the
processor, and the processor executes the code-
converted operating system.

35. A storage device in accordance with claim 34, the
storage device further comprising:

connection status detecting means that detects
a connection status of the storage device with

the external device and automatically sets,
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based on the detected connection status, either

a dependent operation mode, in which the stor-

age device is operated under control of the ex-

ternal device, or an independent operation

mode, in which the storage device is independ-

ently operated by the processor.

36. A storage device in accordance with claim 34,

wherein the preset program, which is executed by

the processor, is stored in a specific memory area

of the data memory area.

37. A storage device in accordance with claim 36,

wherein the specific memory area is a protective ar-

ea that allows storage contents to be rewritten only

by specific rewiring means.

38. A computer readable recording medium, in which a

storage device control program for controlling a

storage device is recorded, the storage device con-

trol program comprising:

a data communication step that establishes da-

ta communication of the storage device with an

external device; and

a code conversion step that converts codes

constituting the preset program and being con-

structed by each of multiple instruction sets,

which are differentfrom each other and are also

different from an instruction set of a processor

included in the storage device, into codes exe-

cutable by the processor of the storage device,

the code conversion step automatically switch-

ing over setting to an operating system, which

is suitable for execution of the preset program

and is selected among multiple operating sys-

tems respectively corresponding to the multiple

instruction sets, based on information on the

preset program, which is stored in a predeter-

mined area of the data memory area,

the code conversion step then converting

codes of the selected operating system into

codes executable by the processor of the stor-

age device.

39. A recording medium in accordance with claim 38,

wherein the storage device control program further

comprises:

a connection status detecting step that detects

a connection status of the storage device with

the external device and automatically sets,

based on the detected connection status, either

a dependent operation mode, in which the stor-

age device is operated under control of the ex-

ternal device, or an independent operation

mode, in which the storage device is independ-

ently operated by the processor.

40. A storage device having a data memory area, which

includes a specific area for storing a storage device

control program therein,

the storage device control program compris-

5 ing:

a data communication step that establishes da-

ta communication of the storage device with an

external device; and
w a code conversion step that converts codes

constituting a preset program and being con-

structed by each of multiple instruction sets,

which are different from each otherand are also

different from an instruction set of a processor

15 included in the storage device, into codes exe-

cutable by the processor of the storage device,

the code conversion step automatically switch-

ing oversetting to an operating system, which

is suitable for execution of the preset program

20 and is selected among multiple operating sys-

tems respectively corresponding to the multiple

instruction sets, based on information on the

preset program, which is stored in a predeter-

mined area of the data memory area,

25 the code conversion step then converting

codes of the selected operating system into

codes executable by the processor of the stor-

age device.

30 41. A storage device in accordance with claim 40,

wherein the storage device control program further

comprises:

a connection status detecting step that detects

35 a connection status of the storage device with

the external device and automatically sets,

based on the detected connection status, either

a dependent operation mode, in which the stor-

age device is operated under control of the ex-

40 ternal device, or an independent operation

mode, in which the storage device is independ-

ently operated by the processor.

42. A computer readable recording medium, in which a

45 rewriting program Is recorded,

the rewriting program comprising:

a rewriting step that rewrites storage contents

of a protective area, which is included in a data

so memory area of an external storage device and

represents a specific area for storing a preset

program executed by a processor of the exter-

nal storage device.

55
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(54) Apparatus for processing instructions of different instruction set architectures

(57) An information processing system 1 of the

present invention includes an information processing

terminal 2, an external storage device 3, and a data

communication bus 4. The information processing ter-

minal 2 has an I/O control circuit 20, a RISC-type CPU
21 , and a code morphing module 22. A code conversion
selection sub-module 22a of the code morphing module
22 selects either one of code conversion sub-modules
22b and 22c, based on predetermined Information

stored in a configuration ROM 30b, which is set in a data

memory area 30 of the external storage device 3. The
code conversion selection sub-module 22a also switch-

es overthe setting used for operations of the information

processing terminal 2 to an operating system corre-

sponding to the predetermined information.

This arrangement automatically switches over set-

ting used for operations of the information processing
terminal 2 to an operating system corresponding to an
information of an application program stored in the ex-
ternal storage device 3.
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